Abstract The incidence of osteosarcoma in Northern Ireland was compared with that in the Republic of Ireland to establish if differences in incidence between the two regions could be related to their different drinking water fluoridation policies. Data from the Northern Ireland Cancer Registry (NICR) and the National Cancer Registry of Ireland (NCRI) on osteosarcoma incidence in the respective populations were used to estimate the agestandardised and age-specific incidence rates in areas with and without drinking water fluoridation. One hundred and eighty-three osteosarcoma cases were recorded on the island of Ireland between 1994 and 2006. No significant differences were observed between fluoridated and nonfluoridated areas in either age-specific or age-standardised incidence rates of osteosarcoma. The results of this study do not support the hypothesis that osteosarcoma incidence in the island of Ireland is significantly related to public water fluoridation. However, this conclusion must be qualified, in view of the relative rarity of the cancer and the correspondingly wide confidence intervals of the relative risk estimates.
Introduction
Osteosarcoma is a rare bone cancer with a reported incidence rate of 2-3 per million worldwide [1] . The relationship between osteosarcoma incidence and age is biphasic; the largest number of cases occurs in patients under 25, particularly males, but there is a smaller peak in incidence in those over 60 [2] . Little is known of the aetiology or pathogenesis of osteosarcoma. The disease is due to malignant transformation of bone-forming cells and appears to be most common at times of maximum bone growth, in late adolescence. The later peak has been linked to Paget's disease of bone: Paget's disease prevalence and osteosarcoma incidence in elderly patients have similar geographical distributions [2] .
A number of possible risk factors have been identified from animal studies, but radiation, some rare genetic disorders, and possibly viral infection are the only established human aetiological agents [3] . However, none of these is an important risk factor at the population level. International variation in osteosarcoma incidence is low [4] , supporting the idea that external environmental agents have only a minor role in osteosarcoma incidence.
Despite many peer-reviewed publications reporting a lack of association between osteosarcoma and fluoride in water, debate linking the two continues. The general consensus is that there is no evidence of any link [5] [6] [7] [8] [9] [10] [11] [12] [13] .
Bassin et al. [14] have suggested a specific carcinogenic effect of fluoride in boys aged 6-8 years, the age of most active bone growth. The authors, and other researchers [15] , have highlighted some important limitations to the study and the need for further analysis before drawing any firm conclusions. A number of detailed systematic reviews have concluded that there is no evidence linking water fluoridation to cancer [16, 17] .
Ingested fluoride comes from a variety of sourcesnatural fluoride in food and drinking water, and added fluoride in toothpastes and public water supplies. In 1994, a World Health Organisation expert committee [18] advised that fluoridation of public water supplies at a level of 0.5-1.0 mg/L was the most effective way of controlling tooth decay at a population level. Fluoridation began in the United States in 1940s and is now standard practice in many countries. However, opinion has swung against it in some countries; Germany, Finland, Japan, the Netherlands, Sweden and Switzerland have ended water fluoridation in recent years [19] . In the UK, approximately 10% of the population receive fluoridated water but fluoridation is not implemented in Northern Ireland (NI). In the Republic of Ireland (RoI), where the fluoridation of public water supplies was signed into law in 1960 [20] , the population is served by a combination of public water supplies (fluoridated) and private individual or group schemes (non-fluoridated). Public water supply schemes generally cover areas with relatively dense populations where it is most economical to provide central water treatment systems. Currently, the precise proportion of people in RoI receiving fluoridated water is unknown, but is thought to be in the region of 70% [21] . Little information is available on the status of private or group supply schemes but in general they do not provide fluoridated water and tend to cover rural and less densely populated areas.
The current research extends the work conducted by Owens and O'Herlihy [22] by covering a longer time period and by distinguishing between fluoridated and nonfluoridated areas of RoI.
Methods
Data on osteosarcoma incidence from the Northern Ireland Cancer Registry (NICR) and the National Cancer Registry of Ireland (NCRI) were analysed for the 13-year period 1994-2006 inclusive. Data from the two registries have been used in three joint all-Ireland incidence reports and have been extensively checked for consistency and comparability in ascertainment and coding. Cases were extracted from both registry data sets based on ICD-O3 'osteosarcoma' morphologies ranging from M-9180/3 to M-9195/3. Data collection methods, comparability and quality in both registries are described in detail elsewhere [23] . Based on area of residence at the time of diagnosis, cases were divided into 'fluoridated' and 'non-fluoridated' groups. All cases in Northern Ireland were assigned to the 'non-fluoridated' category. For the Republic of Ireland, assigning cases to fluoridated or non-fluoridated areas was more complex due to the combination of water supply schemes in operation. Each case was first assigned to an 'electoral division' of residence. The electoral division (ED) is the smallest geographical area for which population statistics are available. There are 3,422 EDs in total in RoI ranging in area and population size: between 1994 and 2006, the average population per ED was approximately 1,100 (ranging from 42 to 20,100). Each ED was in turn assigned to an 'urban' or 'rural' category, based on population density, using \0.5 persons per hectare as the cut-off. As the majority of the population in rural EDs are supplied with non-fluoridated community or private water supplies, cases resident in these EDs were considered 'non-fluoridated' and all other cases in RoI were considered 'fluoridated. ' The population denominator was assigned by ED in the same way. The population data used were mid-year population estimates for NI, provided annually by the NI Statistics and Research Agency, and RoI census data for 1996, 2002 and 2006 interpolated for intervening years. The percentage of the RoI population assigned to the fluoridated group by this method was approximately 67% (Table 1) .
A significant limitation of this study is the rarity of the condition and the consequent difficulty in detecting significant differences in incidence rates between exposed and non-exposed populations. Taking a baseline incidence in 1994-2006 for the non-fluoridated population of Northern Ireland as 2.70 cases per 100,000, at 80% power and significance level of 5% osteosarcoma incidence in the fluoridated population of ROI would need to be 4.77 cases per 100,000, a relative risk of 1.70.
Results
Over the 13-year period 1994-2006 inclusive, 183 incident cases were registered (47 cases NI, 136 cases RoI) ( Table 2 ). The majority of cases (62%) were diagnosed under the age of 25 years, with the highest incidence in males aged 10-19 years (Fig. 1) . Male incidence peaked at approximately 1.2 cases per 100,000 in those aged 15-19 years, with a second peak of 0.8 per 100,000 for men aged 85 and over (all areas combined). There was a similar, but smaller, peak in incidence among girls aged 10-19. There was no significant difference in any 5-year age-specific incidence rates between fluoridated and nonfluoridated areas for either males or females-the wide 95% confidence intervals reflecting the low numbers of cases in each 5-year age band.
The overall age-standardised incidence rate for males in fluoridated areas (RoI-Urban)was 0.32 cases per 100,000 per year (95% confidence interval (CI) 0.23-0.41) and was not significantly different from that in non-fluoridated areas (NI and RoI-Rural combined), which was 0.29 (95% CI 0.22-0.37) ( Table 2 ). The corresponding figures for females of all ages were 0.21 (95% CI 0.14-0.28) and 0.16 (95% CI 0.10-0.21), respectively, also not significantly different. For males aged under 25 years, there was little difference in age-standardised incidence rates between fluoridated and non-fluoridated areas. Standardised rate ratios (SRR) for males showed no evidence of any significant difference in osteosarcoma incidence either in younger patients or overall (Table 3 ). For females aged under 25, the incidence rate in RoI overall was 0.29 per 100,000 per year (95% CI 0.25-0.33)-significantly higher than in NI [0.19 (95% CI 0.14-0.24)]. However, the rates for females under 25 were highest in RoI-rural (nonfluoridated) areas (0.36 cases per person per year; 95% CI 0.28-0.43), higher than in either RoI fluoridated areas or NI (Table 2 ). Comparing incidence rates between fluoridated (RoI-Urban) and non-fluoridated areas (NI and RoI-Rural), significantly higher rate ratios were found in relation to NI alone [SRR-1.43 (95% CI 1.07-1.90)] (Table 3 ). Higher rate ratios were found when comparing non-fluoridated areas, RoI (Rural) and NI [SRR 1.86 (95% CI 1.33-2.62)], also statistically significant. This higher incidence rate can be seen particularly in girls aged 15-19 years (Fig. 1) . 
Discussion
The analysis presented here uses population-based osteosarcoma incidence data for the island of Ireland, where only part of the population is supplied with fluoridated water. Assuming that population density in the RoI can be used as a reliable indicator of areas supplied with fluoridated drinking water, there was little evidence of a significant effect of water fluoridation on osteosarcoma incidence at any age or for either sex. These results are consistent with almost all previous work [5] [6] [7] [8] [9] [10] [11] [12] [13] . The higher incidence rate in young females in RoI (both fluoridated and non-fluoridated areas) is clearly unrelated to water fluoridation. Even if there were some misclassification of cases and population at risk, this could not be of a magnitude to produce a higher incidence in young females in non-fluoridated areas. International data show that bone cancer incidence in Ireland in females under 25 is low by international standards; that in NI was the third lowest of all European cancer registries in 1998-2002 [4] . In fact bone cancer incidence rates in young females in both NI and RoI were lower than incidence rates in some registries in countries with non-fluoridated water supplies, such as Austria and the Netherlands [19] .
There are a number of limitations to the present study. The most important is the lack of precise information on fluoridation of water supplies in RoI. We had to assume that areas receiving fluoridated drinking water in RoI could be best estimated by population density. However, this assumption seems to be consistent with the known facts. The Forum on Fluoridation [21] estimated that approximately 70% of the RoI population are in receipt of public, fluoridated drinking water. Using the cut-off population density of \0.5 persons per hectare, we assigned 67% of the population to the fluoridated group. It is probable that a small proportion of the population living in low-density areas close to towns and cities are connected to urban water supplies and this will result in some dilution of any possible effect of fluoridation. However, the numbers affected would be small by comparison with the overall population.
A second limitation is that the place of residence at the time of diagnosis may not be an accurate proxy for lifetime exposure to fluoridated water. We had no information on previous places of residence for any case. An evaluation of water fluoridation in Ireland in 2005 (as part of an overall evaluation of the oral health services in Ireland commissioned by the Department of Health and Children) revealed that, while overall fluoride levels in public water supply schemes were generally well controlled, some variation was found over time and between local authority areas [24] . Between 58 and 76% of samples examined between 1990 and 2000 were within the statutory limits 0.8-1.0 ppm. Although the proportion of samples higher than this range was low, up to 20% of samples were lower than the 0.8 ppm minimum statutory level. If fluoride exposure at a specific age is critical to osteosarcoma development, as has been suggested by Bassin et al. [14] , this reduces the value of fluoride estimation at the time of diagnosis. Despite the difficulty of assessing accurate consumption of fluoride in both cases and controls, Bassin et al. [14] found 'similar effect magnitudes in the intermediate and high exposure levels' rather than any obvious dose-response relationship. While this may indicate that the relationship between risk and exposure is variable, the authors suggest that misclassification of water supplies, as a result of many systems not maintaining target fluoride levels, may have affected their results. Similar issues may arise in Ireland.
While fluoride in drinking water probably represents the greater part of the total dietary intake of fluoride, at least onethird of fluoride intake is estimated to come from other sources. Consumption of high-fluoride foods such as tea and certain fish may increase intake significantly; toothpaste is another important source of fluoride [25] . As mentioned above, difficulties arise in the assessment of lifetime drinking water supply and consumption rate as well as the 'diffusion effect' [14] -the ingestion of food and drinks processed in fluoridated areas by populations resident in non-fluoridated locations, and vice versa. Obtaining an accurate measure of total fluoride exposure is therefore very difficult. As almost all fluoride in the body is found in the skeleton [25] , examining the fluoride content in bone should provide a more accurate estimate of cumulative exposure. It is interesting to observe that no association has yet been found between osteosarcoma and fluoride content as measured through bone biopsies, although further research is recommended before any firm conclusions can be drawn [15] .
A final limitation of this study, as with many similar studies, is the relative rarity of the cancer and the correspondingly wide confidence intervals of the relative risk estimates. Post hoc power calculations have shown that, to detect a statistically significant effect of fluoride, the risk for the fluoridated population would need to be at least 1.7 times that for the non-fluoridated population. A difference in relative risk of this magnitude is unlikely, given the inconclusive nature of previous evidence. However, for the population of interest-the under 25s-if there is a real difference in incidence rate, it is less than one case per million persons under 25 or one additional case every 40 years. If fluoride in drinking water does indeed constitute an excess risk for osteosarcoma, the effect in Ireland is too small for detection using current epidemiological methods.
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